The aim of this work was to register the occurrence of Anodontites tenebricosus (Bivalvia: Mycetopodidae) in the Sapucaí river basin, municipality of São Joaquim da Barra, São Paulo state, Brazil, associating its occurrence to the environment in which they are found, besides providing conchological data to contribute to the identification of the species. Fifty one specimens of Anodontites tenebricosus were studied regarding their conchological and morphometrical aspects. Strong correlations were found between the morphometric variables, the correlation between 'length and height of the shell' being the most significant. The characteristics of the shells of A. tenebricosus found in the Sapucaí river basin resemble the descriptions of the species found in the literature; therefore, we are able to expand the area of occurrence of the species for the state of São Paulo.
Introduction
Not a large number of limnic bivalves have been studied in the state of São Paulo and they are rarely mentioned in the literature, in spite of their importance as significant components of freshwater ecossystems, in the recycling of nutrients, and as entities capable of providing reliable evidence of pollutants in limnic watersheds (Vaughn and Taylor, 1999) . However, they are the most seriously endangered group of freshwater organisms. The main causes for that include anthropogenic activities, such as building dams, pollution and toxicity of the sediment, as well as the introduction of exotic species (Bogan, 1993; Lydeard et al., 2004) . Therefore, the consequences of bivalve population decline in the fauna of the rivers go beyond the loss of the species per se (Vaughn and Taylor, 1999) . Since they play an important role in the functioning of lotic and lentic ecossystems, the importance of studies regarding aspects of biology, anatomy and ecology of freshwater bivalve native fauna is justified.
In Brazil, the freshwater bivalves are represented by the orders Unionoida and Veneroida. The first includes the families Mycetopodidae and Hyriidae, while the second includes the families Dreissenidae, Pisidiidae and, more recently, Corbiculidae and Mytilidae, being these latter represented, respectively, by the asiatic species Corbicula fluminea (Müller, 1774) and Limnoperna fortunei (Dunker, 1857) (Simone, 2006) . According to Castellanos and Landoni (1990) , the Mycetopodidae family (Gray, 1940 ) is restricted to South America, not being found in the Andean-Patagonian region, and occurs in lentic and lotic environments. They are found partially buried in sediment of variable particle sizes and they feed on particles in suspension, such as plankton and organic detritus. In Brazil, the family is represented by 12 genera and the genus Anodontites represents the largest number of species (15) (Simone, 2006) .
Taking the Mycetopodidade family into consideration, the following species were registered in the state of São Paulo: Fossula fossiculifera (Orbigny, 1835) (Avelar, 1993) , Anodontites trapesialis (Lamarck, 1819) (Hebling, 1976 ), A. trapezeus (Spix, 1827 (Hebling, 1976) and A. soleniformis (Orbigny, 1835) (Avelar and Cunha, 2001) .
The aim of this study was to register the occurrence of Anodontites tenebricosus (Lea, 1834) in the Sapucaí river basin, municipality of São Joaquim da Barra, São Paulo state, Brazil, as well as to provide conchological data that contribute to the species' identification, associating its occurence with the environment in which they are found.
Material and Methods

Study area and methodology for collecting animals
The study was conducted in the Sapucaí river basin, municipality of São Joaquim da Barra, SP, Brazil (20° 30' 49,7" S; 47° 50' 10,2" W), which, according to data from CETESB (Companhia de Tecnologia de Saneamento Ambiental, 2007) , is part of the Sapucaí/Grande basin.
The animals were collected monthly, from August 2007 to January 2008. Living specimens and valves of Anodontites tenebricosus were located in the Sapucaí river by touching the river bottom with the hands and removing rocks and pebbles while looking for the animals. When found, they were collected and taken to the laboratory in coolers containing water from the river, for conchological and morphological studies.
For the shell studies, a digital calliper was used and the following measures were taken: length (greater distance between the anterior and the posterior axis of the shell), height (distance between the ventral and dorsal axis of the shell, passing through the umbonal region), width (distance between the two valves, with the shell closed, also passing through the umbonal region) and length of the ligament. Furthermore, the correlations between the morphometric variables were examined using Pearson's Correlation Coefficient (r).
Ten specimens were deposited as vouchers in the Museum of Zoology at the University of São Paulo (MZSP 96618).
Temperature, abiotic factors of the water and sedimentology
Measurements of external temperature and abiotic factors of the water at the collection site on the Sapucaí river were taken monthly throughout the year, between August 2007 and July 2008. Temperature, dissolved oxygen, conductivity and turbidity of the water were considered, aiming for the determination of the association between the physical and chemical data obtained in this study.
Sediment samples from the river bottom were also collected from September 2007 to January 2008 in order to perform particle size analysis and determination of organic matter content. The sediment was placed in properly labelled plastic bags and was transported to the laboratory in ice coolers.
Portions of the collected sediment, preserved in a freezer, went through the process of drying in an oven at 60 °C to obtain the dry weight. However, the drying time of the sediment is not defined because the samples are collected from submerged surface horizon, and the quantity of water varies in each sample. After the drying process, 50 g of the sample were sieved and separated by the method of quartering (Muehe, 1996) . According to this method, the sample is poured onto a surface forming a cone. This cone is divided into four equal parts and two parts are used, being opposite to each other. This procedure is repeated until obtaining the desired weight sample. The remaining 50 g are then sieved for 15 minutes on the shaker sieve, which is previously calibrated according to standard methodology. The material retained on each sieve was weighed on an electronic scale (precision 0.001 g) and identified according to Wentworth´s scale for particle size of sediment (Wentworth, 1922) .
Quantification of organic matter present in the sediment was determined by burning 10 g of material in an oven at 500 °C for three hours, and the difference between the initial and final mass represents the amount of organic matter present in the sample.
Results
Animals: morphology and morphometry of the shell
Fifty-one specimens of Anodontites tenebricosus were sampled in the Sapucaí river (Figure 1 ), being most of them found in the middle of the river, within a distance of about 20 m from the shore. It should be pointed out that the animals were always found in areas of rapids, partially buried in the sediment, and protected by rocks and pebbles.
The shells of A. tenebricosus (Figures 2) are elliptical or reniform, thin and with a strong ventral deflexion in most of the specimens. The periostracum is dark, brownish-green, opaque and usually eroded, especially in the umbo area (u). Sculpture of the periostracum slightly checkered and it varies depending on the region of the shell (Figure 3 ). In the posterior dorsal region, 5 to 6 radial lines (rl), not prominent in some specimens, raise from the umbonal region toward the posterior end. The ligament (l) is long, thin, with a triangular shape ligamental sinus (ls).
The inner surface of the shell presents brown colouration, mixed with bluish-white iridescent shade. The umbonal cavity is shallow and a proeminent keel (k) arises from this region toward the posterior region of the shell. The muscle scars are well defined: anterior addutor muscle scar (aam) eliptical and posterior addutor muscle scar (pam) with a round shape. Anterior retracting muscle of the foot (arm) separated from the anterior addutor muscle; posterior retracting muscle of the foot (prm) united to posterior addutor muscle. The pallial line (pl) is distinct and is parallel to the margin of the shell (Figure 2) .
Considering the morphometry of the shell, the length varied from 3.32 to 7.47 cm, being the average length 5.84 ± 1.0 cm; height ranged from 1.49 to 3.08 cm (average: 2.48 ± 0.38 cm); width ranged from 0.82 to 2.08 cm (average: 1.44 ± 0.28 cm) and the length of the ligament varied from 1.0 to 2.53 cm, being the average value 1.87 ± 0.36 cm.
As for the correlations between the morphometric values, strong correlations were found (Coefficient r > 0.7) between the variables: 'length and height' (r 2 = 0.9258), 'length and width' (r 2 = 0.777), 'height and width' (r 2 = 0.8134) and 'length of the shell and length of the ligament' (r 2 = 0.7167) (Figure 4) . The correlation between the variables 'length and height' of the shell was the most significant and, on average, the height corresponds to 43% of the length of the shell.
Temperature, abiotic factors of the water and sedimentology
The measurements of external temperature and of the abiotic factors of the water in the study area, for each sampling month, can be found in Figure 5 .
Considering the temperature, the values registered varied from 20 to 28.8 °C, being the annual average 23.7 ± 2.52 °C, while for the water temperature, the average was 22.62 ±2.52 °C and the values varied between 19 and 26.4 °C.
As for dissolved oxygen, the values ranged from 7.23 to 11.48 mg.L the fact that the river is a river of rapids and, also, because of the presence of currents at the point of study.
Regarding conductivity, the annual average registered was 54.09 ± 11.90 ms and the values varied from 38.7 to 83 ms. The highest values were registered between August and October, which can be explained by drought periods, when there is a decrease in the river levels.
Considering turbidity, the values ranged from 6.15 to 89.9 ntu, with annual average of 37.86 ± 29.00 ntu.
The highest values were registered during the flood months (maximum value registered in December 2007) which may be related to periods of rain, where there is great variation, both in the level of the river and the water speed.
As for sedimentology, the analysis showed a predominance of grains in the sediment, that is, a predominance of particles larger than 2.00 mm, in all sampling months (Figure 6 ). Considering the organic matter of the sediment, October and November 2007 showed a higher percentage of organic matter, 4.4% and 4.95% respectively, when compared to other months of sampling ( Figure 6 ). According to Moniz (1972) , the low percentage found in all months analysed (less than 20% dry weight), characterises mineral sediment in the study area.
Discussion
Anodontites crispata Bruguière, 1792
Anodonta tenebricosa Lea, 1834 Anodonta soleniformis Orbigny, 1835
Anodon solenidea Sowerby, 1867
Mycetopus plicatus Clessin, 1882 (non Sowerby, 1868)
Mycetopus clessini Fischer, 1890
Glabaris soleniformis var. apae Ihering, 1893
Glabaris nehringi Ihering, 1893
Glabaris clessini: Simpson, 1900
Anodontites clessini: Simpson, 1914 Anodontites soleniformis: Haas, 1931; 1969 Anodontites (Anodontites) crispatus tenebricosus: Mansur, 1970 The genus Anodontites was described by Bruguière, in 1792, and it takes its name from the hinge of the shell, which is plain and without teeth, being very different from the hinge of other bivalve shells. Furthermore, the genus was characterised by longer than higher shells, always free of byssus and presenting three muscle scars (Marshall, 1931) . According to Bonetto (1967) , the genus Anodontites consists of a group of species in whose shell shape varies from oval to eliptical, with subsolid valves (in spite of being fragile for the great development of the prismatic nacreous layer), umbos a little prominent and with no sculptures.
Bruguière's description was based on A. crispata, found in the rivers of Guyana, and both its description and its figure constituted the root for further studies on edentulous naiades, especially in South America and West Africa. Due to this fact, Marshall (1931) provided a more detailed description of the species, as well as a description of its larva (lasidium).
Marshall (1931) also tried to correct the mistakes related to the genus Anodontites and to the species A. crispata, in an attempt to provide a historical record and make the study of South American bivalves easier. According to the author, from the beginning, both genus and species were subjected to many errors, being the fact that the division of the edentulous naiades into genus depended just on conchological characters. Thus, when comparing various descriptions, the description of a genus often fitted into one or several others (Marshall, 1931) .
The object of this study, Anodontites tenebricosus, was first described by Lea (1834) as Anodonta tenebricosa, inhabitant of Paraná river, in South America. However, as shown in the synonymic list, based on the work of several authors such as Bonetto (1967) , Mansur and Pereira (2006) and Simone (2006) , A. tenebricosus has already been considered as a synonym of A. crispata, as well as belonging to the genera Anodonta, Anodon, Mycetopus and Glabaris. Nevertheless, according to Marshall (1931) , its features were so different from those of A. crispata that the two could not be members of the same group of Anodontites. Bonetto and Ezcurra (1965) , studying the sculptures of the periostracum of species from the genus Anodontites, grouped A. tenebricosus with A. soleniformis (Orbigny, 1835), gathering both species as a subspecies of Anodontites crispata Bruguière, and set the following areas of occurrence: Inferior Paraná, La Plata and Uruguay rivers for A. crispatus tenebricosus, and High Paraná and Paraguay for A. crispatus soleniformis. However, according to Bonetto (1967) , with the investigation of several animals from the upper sections of Medium Paraná, High Paraná, Paraguay and coast rivers of Brazil, the animals considered by Bonetto and Ezcurra (1965) such as A. soleniformis, perfectly corresponded to the type A. tenebricosus. Therefore, Bonetto (1967) places A. soleniformis as a synonym of Anodontites crispatus tenebricosus, and describes this subspecies, differentiating it from A. crispatus crispatus. As stated by the author, this species extends to all river basins from La Plata river system, in Argentina, including High Paraná, and coastal rivers from Brazil until São Francisco basin. Mansur (1970) considers Anodontites crispatus tenebricosus as a synonym of Anodontites tenebricosus sensu Lea (1834) . However, the author considers A. crispatus soleniformis as a distinct subspecies for the Paraná river. Mansur and Silva (1990) provided a description of the shell and of the soft parts of A. tenebricosus, found in the Uruguay and Amazon river basins, and compared this species with Bartlettia stefanensis (Moricand, 1856) found in the Amazon basin.
Simone (2006) does not recognise the species described by Bonetto (1967) and considers two distinct species: Anodontites crispatus (Bruguière, 1792), with restricted distribution in the Amazon region, Guyana, Equator and Peru, and A. tenebricosus (Lea, 1834) , as a synonym of A. soleniformis, with distribution in South American river basins west of the Andes.
Mansur and Pereira (2006) also consider A. soleniformis as a synonym of A. tenebricosus sensu Lea (1834) and provided a brief description of the animals' shells.
In relation to the morphometric measures of the shells, the average value for length of the shell and length of the ligament in the present study are slightly different from those found by Mansur and Silva (1990) and Mansur and Pereira (2006) . However, the average value for height of the shell resembles those found by the same authors.
It should be pointed out that there may be some difficulties in the identification of native bivalves because of the existence of several species in which the shells are very similar; nevertheless, in some cases, this similarity may be due to ecological variance (Bonetto, 1965) . Thus, the classification of freshwater bivalves, in generic and specific levels, is rather problematic. Several names were given to these animals and some classifications present dozens of different synonyms. This confusion is partly attributed to amateur collectors and partly to the fact that old classifications are based on characteristics of the shell, instead of anatomical features (Mansur, 1970) .
According to Bonetto (1967) , there is a lack of determinant conchiological characters, and the great number of imprecise descriptions with no objectives and informative values seems to be general to all naiades in the world. Besides, almost all bivalve species occupy a great territorial extension, which makes the precise identification of the animals even more difficult. In this manner, Simone (1994) shows the importance of anatomical studies to achieve a greater precision in identifying species, indicating that these studies may also collaborate with phylogenetic analysis.
In spite of these difficulties, we may notice that the characteristics of the animals' shell found in the Sapucaí river basin, São Paulo state, resemble the descriptions of A. tenebricosus studied by Bonetto (1967) and the sculptures of the periostracum are similar to those described by Bonetto and Ezcurra (1965) . It is also worth mentioning that the sculptures of A. tenebricosus resemble those of A. soleniformis and are different from those of A. colombiensis and A. crispata illustrated by Avelar and Cunha (2001) . Mansur and Silva (1990) and Mansur and Pereira (2006) did not mention the sculptures of the periostracum, as well as the radial lines in the posterior region of the valves.
As for the environment, Castellanos and Landoni (1990) , indicate the occurrence of A. tenebricosus in clear, fast water, on sandy and very rocky bottom. In the present study, the animals were also found in very rough waters, in areas of rapids and rocky bottom. Moreover, the granulometry of the sediment showed a preference of the animals for a coarse substratum, with a predominance of large particles.
Finally, in relation to temperature and abiotic factors of the water, the variations found throughout the year of sampling are the consequences of the different seasons and periods of rain and drought, where there are variations in the river level. Therefore, the highest temperatures were found during the summer months, the highest conductivity values were found in the dry seasons (from August to October), when there is a decrease in the river level, and the highest turbidity values were found in the flood months (maximum value found in December 2007), which may be associated with periods of rain, where there are large variations in the river level and in the water speed. The highest levels of dissolved oxygen can also be explained by the presence of currents in this study area.
In conclusion, the characteristics of the shell and the sculptures of the periostracum in specimens of Anodontites tenebricosus, found in the Sapucaí river, are in accordance with the data found for this species in recent literature. Furthermore, the studies of the periostracum showed a great similarity between A. tenebricosus and A. soleniformis, reinforcing the idea that these species might be considered as A. tenebricosus sensu Lea, 1834 . Considering this, our findings contribute to the notion that the area of occurrence of this species could be expanded also to the state of São Paulo.
